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Two experiments were conducted to establish conditional stimulus relations without differential con-
sequences and to test for the emergence of other relations. In Experiment 1, 3 adults responded to
match-to-sample displays in which sample-comparison pairs were constant while the second com-
parison presented with each pair changed periodically across trials. No differential consequences
followed any comparison selections. All subjects learned conditional relations between constant samples
and comparisons, but results of tests for transitivity in those relations were equivocal. In Experiment
2, 4 children were given unreinforced training and testing similar to that provided to the adults in
Experiment 1, with procedural refinements. One child learned conditional relations and demonstrated
emergent relations that confirmed the development of two four-member equivalence classes. Another
child learned the conditional relations but did not demonstrate any emergent relations reliably. A 3rd
child, after reinforced training on two conditional relations, learned four new conditional relations
without differential consequences and demonstrated symmetry but not equivalence in the trained
relations. The 4th child did not learn the conditional relations. These findings emphasize the importance
of careful construction of tests for stimulus equivalence and suggest a need for critical analyses of the
apparent emergence of untrained stimulus relations on unreinforced tests that has been observed in
several stimulus equivalence studies.
Key words: match to sample, conditional discimination, stimulus relations, stimulus equivalence,
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Sidman's stimulus equivalence paradigm
(Sidman et al., 1982; Sidman & Tailby, 1982)
has provided useful methods for analyzing and
teaching complex behavior; it has also stim-
ulated considerable theoretical debate (e.g.,
Hayes, 1989; McIntire, Cleary, & Thompson,
1989; K. Saunders, 1989; Vaughan, 1989).
Many experiments based on this paradigm
have shown that humans who learn condi-
tional relations among nonidentical stimuli of-
ten demonstrate new conditional relations
without instructions or reinforcement. If these
emergent performances are consistent with
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three relational properties borrowed from
mathematics, the relation among the stimuli is
equivalence. The property of reflexivity is in-
ferred when each stimulus is shown to be re-
lated conditionally to itself without explicit
training. When a subject learns a conditional
relation between Stimulus A and Stimulus B
(e.g., through reinforcement for selecting com-
parison Stimulus B if and only if Stimulus A
is the sample on match-to-sample trials), he
or she might also respond to A as a comparison
given B as the sample on unreinforced tests.
If the subject does so, the property of symmetry
is documented. To test for the third property,
transitivity, two trained conditional relations
are necessary. After learning to select Com-
parison B when A is the sample and to select
another comparison, C, when B is the sample,
the learner might then show on unreinforced
tests that Sample A and Comparison C are
also related conditionally. When all three
properties are shown, the stimuli are said to
be members of an equivalence class.
To date, most inferences about stimulus

equivalence have been drawn from experi-
ments that used standard match-to-sample
procedures, including explicit differential con-
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sequences. Responses consistent with sample-
comparison relations designated by the exper-
imenter were reinforced by contingent presen-
tation of tokens, chimes, points, or some other
consequences, while other responses were not
reinforced (e.g., Devany, Hayes, & Nelson,
1986; Dube, McIlvane, Mackay, & Stoddard,
1987; R. Saunders, Wachter, & Spradlin, 1988;
Sidman, 1971; Sidman, Kirk, & Willson-Mor-
ris, 1985). Then tests, also conducted typically
in match-to-sample contexts, evaluated the
three relational properties required to justify
a conclusion that the stimuli were related by
equivalence. Many subjects demonstrated un-
trained conditional relations the first time they
were tested, but several different investigators
reported the same rather puzzling observation:
For some subjects, performances improved
simply with retesting, so that the emergent
relations appeared to develop during unrein-
forced tests (e.g., Devany et al., 1986; Lazar,
Davis-Lang, & Sanchez, 1984; Lazar & Kot-
larchyk, 1986; R. Saunders, Wachter, &
Spradlin, 1988; Sidman et al., 1985; Sidman,
Willson-Morris, & Kirk, 1986; Sigurdardot-
tir, Green, & Saunders, 1990; Spradlin, Cot-
ter, & Baxley, 1973). Such observations raised
questions about the role of testing in the emer-
gence of equivalence, and exactly when equiv-
alence relations develop (cf. Devany et al., 1986;
Lazar et al., 1984; Sidman, in press; Sidman
et al., 1986; Sigurdardottir et al., 1990).

Recently, R. Saunders, Saunders, Kirby,
and Spradlin (1988) reported that mentally
retarded subjects responded conditionally on
novel match-to-sample tasks without differ-
ential consequences after they had learned other
conditional relations with differential conse-
quences. In two experiments, subjects given
sample stimuli from two established equiva-
lence classes consistently selected particular
comparison stimuli from two other classes on
unreinforced trials. Further, the classes linked
by the subject-selected unreinforced condi-
tional selections merged, so that new equiva-
lence relations developed from the unrein-
forced relations. In a third experiment, 2
subjects from the second experiment were pre-
sented with novel stimuli in a two-choice
match-to-sample arrangement. Each novel
sample controlled the selection of a particular
novel comparison after just a few trials of this
type, even though there were no programmed
reinforcement contingencies in effect. That is,
new conditional relations were learned with-

out differential consequences. Tests then re-
vealed that equivalence classes emerged from
those conditional relations.
The conditional relations in the study by

R. Saunders, Saunders, Kirby, and Spradlin
(1988) were subject selected and thus not pre-
dictable. The subjects also had explicit recent
histories of conditional discrimination training
in the experimental setting. Some authors,
however, have suggested that subjects with a
general, nonexperimental history of discrimi-
native responding and behaving consistently
might also respond consistently when only one
source of stimulus control is constant across
unreinforced trials (e.g., Devany et al., 1986;
Sidman, in press). If so, it should be possible
to arrange experimental tasks to produce pre-
dictable conditional relations entirely without
differential consequences. Such a demonstra-
tion would imply that some reported cases of
delayed emergence of equivalence relations
might instead be cases in which subjects learned
new relations during testing because the test
trials established a constant source of stimulus
control that was independent of relations
trained previously and independent of stimu-
lus equivalence.
To test these possibilities, we designed two

experiments to address the following ques-
tions: (a) Would subjects who did not have
explicit histories of reinforced conditional dis-
crimination training in the experimental set-
ting learn conditional relations without dif-
ferential consequences? (b) Could we arrange
unreinforced conditional discrimination trials
to produce predictable, experimenter-desig-
nated conditional relations? (c) If the answer
to the first two questions was "yes," would
other, untrained relations emerge from the un-
reinforced conditional relations?

In Experiment 1, 3 laboratory-naive adults
learned conditional relations without differ-
ential consequences. They responded to a se-
ries of match-to-sample trials on which pairs
of stimuli always appeared together as samples
and "correct" comparisons while the "incor-
rect" comparisons appearing with them
changed periodically. Experiment 2 replicated
the first with 4 children, with procedural re-
finements based on the results of Experiment 1.

GENERAL METHOD
This section describes procedures that were

common to both experiments. Variations in
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procedures and specific conditions are de-
scribed in the presentation of each experiment.

Apparatus
An Apple Ile® microcomputer system with

a standard Apples monochrome monitor, Per-
sonal Touch® touch-sensitive screen, printer,
and specially designed match-to-sample soft-
ware controlled all experimental sessions
(stimulus presentation, timing, data recording
and analysis). Operation of the apparatus is
described below under General Procedures.

Subjects, Setting, and Sessions
All subjects were recruited by personal con-

tact. Prior to the first session and periodically
throughout their participation, subjects were
instructed not to discuss the research with any-
one.

Sessions were conducted in a sound-atten-
uating room (2.7 m by 3.3 m) that contained
the apparatus, two chairs, two tables, and a
videocamera for monitoring sessions from an
adjacent room. The subject was seated at the
table facing the computer monitor. Sessions
were 1 to 2 hr long and were conducted 5 days
per week. The 3 adult subjects all completed
their participation in Experiment 1 within 2
weeks. The 4 children in Experiment 2 par-
ticipated for 3 to 5 weeks each.

Stimuli
Abstract figures drawn by the computer's

high-resolution graphics served as stimuli.
Each figure measured approximately 3.3 cm
by 2.7 cm when it appeared on the computer
screen. For convenience in this presentation,
each stimulus is labeled with a letter and a
number (e.g., Al, BI, B2, C2), the numbers
identifying stimuli that were members of the
same experimenter-defined class. Conditional
relations are designated by the alphanumeric
codes for the sample and correct comparison.
For example, AlBi denotes a conditional re-
lation in which Al is the sample and B1 is the
correct comparison.

General Procedures
Two choice simultaneous match-to-sample

procedures were used in all conditions. Ses-
sions consisted of several sets of 16 trials each.
The number of sets completed per session var-
ied unsystematically across subjects. The po-
sitions of the comparison stimuli and the
sequence of trials within each set were quasi-

random, with the restriction that no sample
appeared on more than three consecutive trials.
No consequences except an intertrial interval
followed any responses in this study. Gener-
ally, criterion was met when the subject's re-
sponses were consistent with the experi-
menter-designated conditional relations on at
least 30 of 32 consecutive trials (15 of 16 trials
on two consecutive sets). If criterion was not
met on a set that was designed to teach con-
ditional relations (described below), the set was
repeated a maximum of 40 times. Each set
designed to test potential emergent relations
was administered at least twice. If criterion
was not met within six test sets, trained re-
lations were reviewed and tests were read-
ministered.
To start the first session, the experimenter

prepared the computer and remained in the
room, standing a few feet behind the subject.
On the first trial, when the sample appeared
in the center of the screen the subject was
instructed to "touch." A response to the sample
was followed by onset of two comparison stim-
uli, one on each side of the sample, such that
the distance from the center of the sample to
the center of either comparison was about 7.2
cm. The sample remained on the screen. The
subject was instructed to "touch again." Ad-
ditional responses to the sample had no effect.
When the subject touched a comparison stim-
ulus, the screen became blank for 2 s, and then
another trial was presented. If the subject did
not touch one of the comparison stimuli, he or
she was instructed to "touch again" until he
or she touched one of the comparison stimuli.
The experimenter then left the room, and no
other instructions were provided. Due to soft-
ware limitations, the experimenter had to
reenter the room after every set of 16 trials to
start the next set but did not interact further
with the subject.

EXPERIMENT 1
The first experiment considered whether

adults without laboratory conditional discrim-
ination experience would learn predictable
conditional relations without differential con-
sequences. This possibility was suggested when
the first author observed a subject in another
experiment completing unreinforced match-to-
sample tests for emergent relations following
reinforced conditional discrimination training.
In those test sets, pairs of stimuli (e.g., Bl and
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Experiment 1 Stimuli

Class 2

I

A2

B2

C2

D2

I

without programmed differential conse-
Class 3 quences. There was no particular rationale

relevant to this experiment for the incorrect
comparisons used in any phase; they had been

00Q selected by another experimenter to make up
some of the test sets for a different experiment.

A3 Twelve stimuli, in three experimenter-de-
fined classes of four stimuli each, were used.
They are shown in Figure 1. We selected sets
of trials that could establish certain conditional
relations and permit testing of emergent re-

B3 lations in each of the three classes, but the
relations differed somewhat from class to class
(as shown in the lower portion of Figure 1).
The conditional relations presented in each
phase of the experiment are represented in

C3 Figure 2 and are described below with the
results of each phase.

D3

Relations Presented in Each Experimental Phase

3D N14A t

4-_ Trained relations

0-4to Potential emergent
relations

Fig. 1. Representation of stimuli and conditional re-
lations in Experiment 1. Diagrams in the lower portion
of the figure summarize the trained and emergent condi-
tional relations for the class of stimuli in the corresponding
column. Arrows in these diagrams point from sample to
comparison stimuli, and the numbers indicate the exper-
imental phases in which relations were trained or tested.

C1) always appeared together as sample and
comparison while the other comparison ap-
pearing with them changed occasionally within
a set. We speculated that, with repeated ex-
posures to such trials, a naive subject might
discriminate that the two unchanging stimuli
were related conditionally, even when no dif-
ferential consequences followed any trials. For
this experiment, we simply selected some of
the test sets used in the prior experiment and
presented them to our naive subjects entirely

PROCEDURES AND RESULTS
Subjects

Three adult subjects volunteered for the first
experiment. Subject LM, a male, age 25, was
a Master's degree student in communicative
disorders. Subject KF was LM's wife, age 23,
who was a secretary with a 2-year degree in
interior design. Subject LM completed the en-
tire experiment before Subject KF started.
Subject TM, a 25-year-old male, was an un-
dergraduate geology student. His participation
did not overlap with that of either of the other
subjects. All subjects were instructed not to
discuss the experiment with anyone during
their participation.

Phase 1: AB and BA, Classes 1, 2, and 3
Three pairs of stimuli were arranged in six

trial types (Figure 2). Each combination of a
sample and two comparison stimuli constituted
a trial type, and each trial type appeared two
or three times in one 16-trial set. When one
stimulus in each pair was a sample (e.g., Al),
the other member of the pair was designated
the S+ (e.g., B1), and another stimulus (e.g.,
B2) was the S-. On trial types in which the
sample and comparison functions for a pair of
stimuli were reversed (e.g., when B1 was the
sample and Al was the S+), the S- was dif-
ferent (e.g., B3). Thus, trial types displaying
inverse sample-comparison relations (e.g.,
AlB1 and BlA1) were presented in the same
set of trials, and there was one S- per sample-
S+ combination. We labeled this procedure

Class 1

Al

Bi

C1

DI

A'BD
2\C4
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Phase 1: AB,BA - Classes 1, 2 & 3 (inverse/single S-)

Al

Bi B2

Bi
Al B3

A2

B2 A3

B2

A2 Al

A3

B3 A2

B3

A3 B2

Phase 2: AC, CA - Classes 1 & 2; BC, CB - Class 3 (inverse/multiple S-)

Al

Cl A2
C3

C1

Al C2

A2

C2 B3
C1

C2

A2 Al
C3

B3

C3 A2

C3

B3 C2
Cl
Al

Phase 3: BC, CB - Classes 1 & 2; AC, CA - Class 3 (inverse/multiple S-)

B1

Cl C3
C2

Cl

B1 B2
C2
C3

A3

C3 C2
Bl
B2

C3

A3 B2

B2

C2 C3
B1

C2

B2 Cl
C3

Phase 4: CD, DC - Classes 1 & 3 (inverse/multiple S-)

Cl

Dl D2
D3
C2

Dl

Cl B2
C2
C3

C3

D3 A2
Dl

D3

C3 C2
Cl

Phase 5: BD, DB - Class 1; CD, DC- Class 2 (inverse/single S-)

B1

Dl D3

Dl

B1 A3

C2

D2 B3

D2

C2 C3

Fig. 2. Trial types for each phase of Experiment 1. Each letter-number code represents a stimulus shown in Figure
1. A diagonal line connects the sample and S+ in each predicted conditional relation. Each stimulus that is not connected
to a sample served as S- with the sample-S+ pair.

the inverse/single S- procedure. The 16-trial
set was simply repeated until the subject re-
sponded to the S+ on at least 15 trials in each
of two consecutive sets.

Results of this phase are shown in Table 1.
Subjects LM and KF demonstrated the pre-
dicted AB and BA conditional relations con-
sistently after 12 and 15 exposures to this set,
respectively. Subject TM required only three
exposures.

Phase 2: AC and CA in Classes 1 and 2,
BC and CB in Class 3

Phase 2 presented one AC and one CA re-
lation in Classes 1 and 2 and one BC and one

CB relation in Class 3. Inverse sample-S+
relations were presented in the same 16-trial
set, but in this phase there were one, two, or
three possible incorrect comparisons for each
sample-S+ pair (see Figure 2). This is re-
ferred to as the inverse/multiple S- procedure.
Results are shown in Table 1. Acquisition of
these conditional relations proceeded much
more quickly than Phase 1 acquisition for Sub-
jects LM and KF. This may have been at-
tributable to Phase 1 experience or to the fact
that the S- presented with each sample-S+
pair changed more often than in the previous
phase, enabling subjects to discriminate more
quickly which stimuli did not change.
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Phase 3: BC and CB in Classes 1 and 2,
AC and CA in Class 3

If the previously established AB/BA and
AC/CA relations in Classes 1 and 2 were tran-
sitive, the BC and CB relations within those
classes should emerge. If the AB/BA and BC/
CB relations in Class 3 were transitive, the
AC and CA relations in that class should also
emerge. In Phase 3, these six potentially emer-
gent relations were presented two or three times
each in one 16-trial set (see Figure 2). The
inverse/multiple S- procedure remained in
effect, however, so there were at least two pos-
sible bases for these relations: transitivity in
the conditional relations established previously
or discrimination of unchanging sample-S+
pairs over trials.

Results are summarized in Table 1. Per-
formances by all 3 subjects met criterion (re-
sponses on at least 30 of 32 trials consistent
with predicted relations) in the minimum
number of sets. It could not be determined,
however, whether transitivity in the previously
established relations or unchanging stimulus
pairs controlled subjects' responses on these
trials. Subjects LM and KF had also dem-
onstrated criterion performance in the mini-
mum number of sets in Phase 2, when six new
conditional relations were presented that could
not have emerged via transitivity.

Phase 4: CD and DC, Classes 1 and 3
This phase presented two new relations each

from Classes 1 and 3 (see Figure 2). Each
relation appeared four times within the 16-
trial set. The inverse/multiple S- procedure
was in effect. Results are presented in Table
1. All subjects demonstrated all four relations
quickly.

Phase 5: BD and DB in Class 1,
CD and DC in Class 2

After the BlCl, ClBl, ClDl, and DlCl
relations were established in Phases 3 and 4,
the Bl Dl and Dl Bl relations were possible
via transitivity. (The B3D3 and D3B3 rela-
tions were also possible if relations established
in preceding phases were transitive, but these
were not tested due to experimenter oversight.)
Trials that presented Bi D1 and Dl B1 were
mixed with trials presenting novel relations
C2D2 and D2C2, as shown in Figure 2. The
inverse/single S- procedure used in Phase 1
was in effect here. Results are shown in Table

1. Subject LM failed to demonstrate the C2D2
and D2C2 relations the first time each was
presented, but otherwise all responses by all
subjects were consistent with all relations.

DISCUSSION
In this experiment, 3 adults learned con-

ditional relations without differential trial-by-
trial consequences. Two variations of changing
S- procedures were used to establish the con-
ditional relations: the inverse/single S- pro-
cedure, in which the incorrect comparison
changed only when the inverse of a particular
sample-S+ relation appeared; and the in-
verse/multiple S- procedure, in which the
incorrect comparison with each sample-S+
pair changed almost every time the pair ap-
peared within a set of trials. After some ex-
perience with such trials, subjects responded
as if the members of the unchanging stimulus
pairs were the same, and were different than
the S-. Both procedures proved to be effective
for establishing reliable conditional respond-
ing without differential consequences.

This experiment provided no unequivocal
evidence for the property of transitivity in con-
ditional relations established without differ-
ential consequences. Phase 3 presented trials
on which either transitivity in established re-
lations or unchanging sample-comparison
pairs could have controlled responding, so no
strong conclusions about emergent relations
were supported. In Phase 5, the subjects re-
sponded almost as consistently on trials that
presented novel relations as they did on trials
that tested for transitivity,in relations estab-
lished previously. A likely source of stimulus
control in Phase 5 trials was the S -. Every
stimulus that served as an S- in this phase
had been related consistently with another
sample in preceding phases (e.g., D3 partici-
pated in a conditional relation with C3 in Phase
4), and those samples were not present on Phase
5 trials (see Figure 2). Subjects may have re-
sponded away from the S- on each trial on
this basis, rather than demonstrating an emer-
gent relation between the sample and the other
available comparison (i.e., exclusion; Mc-
Ilvane & Stoddard, 1981, 1985). In the next
experiment we sought to assess more conclu-
sively whether untrained conditional relations
would emerge from conditional relations es-
tablished by the changing S- procedures.
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Table 1
Number of 16-trial sets to criterion performance of con-
ditional relations, Experiment 1.

Subjects

Phase Relations LM KF TM

1 AB, BA-Classes 12 15 3
1, 2, and 3

2 AC, CA-Classes 2 2 3
1 and 2; BC,
CB-Class 3

3 BC, CB-Classes 2 2 2
1 and 2; AC,
CA-Class 3
(transitivity test)

4 CD, DC-Classes 4 2 4
1 and 3

5 BD, DB-Class 1 3 2 2
(transitivity test);
CD, DC-Class 2

EXPERIMENT 2
The rapid development of unreinforced con-

ditional responding by the adults in Experi-
ment 1 may have been the result of long preex-
perimental histories of reinforcement for
conditional responding. The second experi-
ment attempted to replicate the findings of Ex-
periment 1 with children who had less exten-
sive general histories.

METHOD
Subjects

Four children volunteered for this experi-
ment. All attended regular elementary or mid-
dle school classes, and none of them (or their
parents) reported that they had ever partici-
pated in laboratory learning research. Subjects
were FO, female, age 12; OM, male, age t1;
CF, male, age 12; and MT, male, age 9. Sub-
ject MT did not complete the first two phases
successfully and terminated participation at
that point; none of his data are presented.

Apparatus, Setting, and Stimuli
The apparatus and setting were the same

as for Experiment 1. Stimuli in two experi-
menter-defined classes of four stimuli each were
used in this experiment. They are represented
in Figure 3. The conditional relations trained
and tested in both classes are illustrated in the
lower portion of Figure 3.

Experiment 2 Stimuli

Class 1

Al

Class 2

A2

B2BI

C1

Dl

C2

D2

Relations Presented in Each Experimental Phase
Classes 1 and 2

4B ....

A.4

A ..... D! :

-. Trained relations

-4 Potential emergent
relations

Fig. 3. Representation of stimuli and conditional re-
lations in Experiment 2. The diagram in the lower portion
of the figure summarizes the trained and emergent rela-
tions for both classes of stimuli. Arrows in this diagram
point from sample to comparison stimuli, and the numbers
indicate the experimental phases in which relations were
trained or tested.

PROCEDURES AND RESULTS
The procedures were modified, based on the

results of the first experiment, as follows: In
training phases (1-3), the A stimuli were used
only as samples, no inverse trial types were
presented in the same set, and the S-varied
each time a trial type appeared (termed the no
inverse/multiple S- procedure). For example,
in Phase 1 when Al was the sample, BI was
always available as a comparison, B1 never
appeared as a sample within the same set, and
the other comparison varied among B2, C2,
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Phase 1: AB (no inverse/multiple S-)

Al

Bi B2
C2
D2

A2

B2 Bi
Cl
Dl

Phase 2: AC (no inverse/multiple S-)

Al

Cl B2
C2
D2

A2

C2 Bl

Dl

Phase 3: AD (no inverse/multiple S-)
Al

Dl B2
C2
D2

A2

D2 Bi
Cl
Dl

Phase 4: Equivalence Test (no inverse/single S-)

Set1: Bi

Cl C2

Set2: Bi

Dl D2

Set 3: Cl

Dl D2

B2

C2 Cl

B2

D2 Dl

C2

D2 Dl

Set 4: Cl

Bi B2

Set5: Dl

BI B2

Set6: Dl

Cl C2

Phase 5: Symmetry Test (no inverse/single S-)

Setl: Bl

Al A2

Set 2: Cl

Al A2

B2

A2 Al

Set3: Dl D2

Al A2 A2 Al

C2

A2 Al
Fig. 4. Trial types for each phase of Experiment 2. Each letter-number code represents a stimulus shown in Figure

3. A diagonal line connects the sample and S+ in each predicted conditional relation. Each stimulus that is not connected
to a sample served as S- with the sample-S+ pair.

C2

B2 Bi

D2

B2 Bi

D2

C2 Cl
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and D2 across trials. These changes made it
possible to assess whether the changing S-
alone, without concurrent presentation of in-
verse relations, was sufficient to establish con-
ditional relations. They also allowed us to test
for symmetry directly, which was not possible
in Experiment 1 because all relations were
established bidirectionally (e.g., both AB and
BA were trained in Experiment 1)., Two
equivalence classes were possible. Each ex-
perimental phase is represented in Figure 4
and is described below. No differential con-
sequences followed any comparison selections,
with one exception described below. After they
completed the experiment, the children were
asked questions about how they responded
during the experiment.

Phase 1: AB
Three different sets of 16 trials each were

designed to establish the AlB1 and A2B2 con-
ditional relations. Within sets, the prospective
Al Bl and A2B2 relations appeared eight times
each, and the S- appearing with each AB pair
varied among those shown in Figure 4 for this
phase. Over the three sets cumulatively, each
S- appeared an equal number of times. The
three AB sets were presented consecutively un-
til the subject demonstrated the predicted re-
lations on at least 15 of 16 trials for two con-
secutive sets.

Results are shown in Table 2. Two subjects,
FO and OM, demonstrated the predicted AB
relations in five and 12 sets, respectively. Sub-
ject CF did not demonstrate the AB conditional
relations after 34 sets, so the procedure was
modified as follows: The AB relations were
trained directly by presenting a computer-gen-
erated jingle following correct comparison se-
lections and a buzzer following incorrect se-
lections. To start this training, the subject was
told that when he heard a jingle it meant that
he had chosen the correct figure, and the buzzer
meant that he had chosen the incorrect figure.
No other instructions were provided. Criterion
performance was demonstrated after seven re-
inforced sets (for a total of 41 AB sets).
Phase 2: AC

Phase 2 was conducted like Phase 1, except
that no subjects experienced any programmed
consequences in this phase. Three sets were
presented to train the AC relations. Trial con-

Table 2
Number of 16-trial sets to criterion performance of con-
ditional relations in Phases 1-3, Experiment 2.

Number of sets for indicated
subject

FO OM CF
Phase Relations (age 12) (age 11) (age 12)

1 AB 5 12 41
2 AC 3 5 3
3 AD 2 2 2

figurations are shown in Figure 4. Results are
summarized in Table 2. All 3 subjects reached
criterion on the predicted AC relations rela-
tively quickly.

Phase 3: AD
TheAD relations were presented in the same

fashion as the AB and AC relations (refer to
Figure 4). Results are shown in Table 2. All
3 subjects demonstrated criterion performance
on the predicted AD relations within two sets.

Phase 4: Equivalence Test
Next, the children completed tests for equiv-

alence. These tests used the no inverse/single
S- procedure to minimize opportunities for
subjects to learn the tested relations during
repeated exposure to unchanging sample-cor-
rect comparison pairs with changing incorrect
comparisons. Two relations were tested eight
times in each set, and each set was presented
at least twice (see Figure 4 for trial types).
The test sets were administered in the order
shown in Figure 4, but if a subject had below-
criterion scores on two different test sets, he
or she was given a review of the AB, AC, and
AD relations (without reinforcement) before
testing resumed.

Results of Phase 4 tests for Subject FO are
shown in Table 3. She demonstrated all tested
relations immediately and on every test trial.
These results suggested that the AB, AC, and
AD conditional relations, all established with-
out differential consequences, were also equiv-
alence relations.

Subject OM demonstrated tested relations
reliably on the first administration of some of
the test sets, but performance on other sets was
near chance. After a review of the previously
established relations, his performance on all
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Table 3

Number of responses on 16-trial tests consistent with equivalence and symmetry, Subjects FO
and CF, Experiment 2.

Phase Relations FO CF

4 Equivalence test
Set 1: BC 16,16 Did not meet criterion on any sets
Set 2: BD 16, 16
Set 3: CD 16, 16
Set 4: GB 16, 16
Set 5: DB 16, 16
Set 6: DC 16, 16

5 Symmetry test
Set 1: BA 16,16 1,10, (AB), 0, (AB), 16, 15 [(AB, AC, AD), 16]
Set 2: CA 15, 16 (AC), 16, 15 [(AB, AC,1AD), 16]
Set 3: DA 16,16 (AD), 16, 16 [(AB, AC, AD), 16]

Note. Letters in parentheses represent conditional relations that were reviewed (without consequences) between
symmetry test sets. Brackets indicate procedures conducted once after completion of initial Set 3 symmetry tests.

test sets was near chance. This subject elected
to leave the experiment at this point, and his
data are not shown.

Subject CF's tests failed to produce consis-
tent evidence for equivalence, despite two re-
views of the relations established in preceding
phases and two retests. The absence of equiv-
alence suggested that the established relations
might not be symmetrical, so this subject pro-
ceeded to Phase 5 symmetry tests. Even after
symmetry was established (described below)
and the trained relations were reviewed again,
CF's performances were inconsistent from one
equivalence test to another. His equivalence
test data are not shown.

Phase 5: Symmetry Test (BA, CA, and DA)
Tests for symmetry used the no inverse/

single S- procedure. There were three sets of
16 trials; each set tested two relations, and each
was presented twice initially (see Figure 4 for
trial types). Results are shown in Table 3.
Subject FO demonstrated symmetry in all the
trained relations immediately and reliably.
Subject CF's performances on the first two sets
of tests for BA relations were at or near zero.
One unreinforced review of the AB relations
failed to effect a change in BA performance,
but after a second review of the AB relations,
symmetry was demonstrated. Then a review
of the AC relations was followed by positive
CA tests, and a review ofAD was followed by
positive DA tests. Finally, all AB, AC, and
AD relations were reviewed and one repetition
of each Phase 5 test set confirmed symmetry
in all trained relations. Scores on all reviews
met criterion.

Debriefing
When their participation ended, each sub-

ject was asked about the tasks they had just
completed. General questions included "What
did you do?" "Did you learn anything?" "Did
the same shapes appear or were they always
different?" "Were any shapes related?" The
subject's verbal responses to these questions
were recorded in writing by the experimenter.

During debriefing Subject FO stated that
she knew that some shapes kept reappearing
together. When asked why she responded as
she did when the figures did not change from
trial to trial (equivalence and symmetry tests,
Phases 4 and 5), she said "I just picked the
one I thought was right." Subjects OM and
MT stated that they thought the shapes were
always changing and they could not figure out
what to do. When OM was asked why he was
matching some shapes at one time and then
stopped doing so, he said he did not know he
had done that, and then said that he got bored
doing the same thing over and over. Subject
CF said it took him a while but that he finally
understood that some shapes kept appearing
together, and they were the ones he matched.
He also said, "I couldn't figure out some of
them because the shapes were always the same
and none ofthem changed" (the tests for equiv-
alence and symmetry).

DISCUSSION
In this experiment, 1 child (FO, a 12-year-

old female) performed much like the adult sub-
jects in Experiment 1. She learned conditional
relations without differential consequences
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with a changing S- procedure; further, she
demonstrated the development of two equiv-
alence classes. An 11-year-old boy (OM)
learned the unreinforced conditional relations
but gave no evidence that stimulus equivalence
emerged. Two boys, ages 9 (MT) and 12 (CF),
did not demonstrate reliable conditional re-
sponding under the same conditions. The rea-
son for this is not clear. Subject CF received
reinforced training on two conditional rela-
tions, and then learned four others with the
changing S- procedure but no consequences.
An interesting outcome of the debriefing was
that 2 of the 3 subjects who learned the con-
ditional relations (FO and CF) described the
procedures quite accurately. The subject who
did not learn any conditional relations (MT)
stated that he "did not know what was hap-
pening." Subject FO, who performed perfectly
on virtually all tests for emergent relations, did
not verbalize any rules or descriptions of stim-
ulus relations when asked after the fact to ex-
plain her responses on those tests.

GENERAL DISCUSSION
Experiment 1 showed that predictable con-

ditional relations could be taught without dif-
ferential consequences to adult subjects who
had no laboratory conditional discrimination
training histories. Tests for potential emergent
relations were rendered inconclusive because
the test trial arrangements made it possible for
subjects to learn the tested relations just as they
had learned other relations (i.e., by discrimi-
nating constant sample-S+ pairs from chang-
ing incorrect comparisons). In Experiment 2
we used a changing S - procedure to teach
conditional relations to 4 children. This pro-
cedure was sufficient to establish six condi-
tional relations with 2 children (FO and OM).
A 3rd child (CF) learned four relations (AC
and AD) under the changing S - condition
without differential consequences only after
reinforced training on two relations (AB). The
4th child failed to demonstrate any conditional
relations reliably under the changing S - con-
dition, even after extensive exposure to the
procedures, but did not have any reinforced
training (like CF). Experiment 2 was designed
to provide more conclusive evidence than Ex-
periment 1 that untrained relations emerged
from training with the changing S- procedure
by ensuring that none of the tests for equiv-
alence and symmetry presented more than one

S- with the same sample-S+ pair. Subject
FO demonstrated the emergence of 18 un-
trained conditional relations to document the
development of two four-member equivalence
classes entirely without programmed differ-
ential consequences. Subject OM did not dem-
onstrate any emergent relations reliably. Sub-
ject CF failed to demonstrate equivalence, but
symmetry in the trained relations emerged af-
ter reviews.

These findings make it clear that tests for
emergent stimulus relations must be con-
structed very carefully if they are to support
valid inferences about untrained controlling
relations. If test trials are arranged in certain
ways, subjects may learn new relations simply
because pairs of stimuli make up constant por-
tions of otherwise changing stimulus arrays.
It appears that presenting a different S- on
each test trial with a particular sample-S+
pair, as suggested by Fields, Verhave, and Fath
(1984), is very likely to establish an alternative
source of stimulus control that can compete
successfully with stimulus equivalence, even
when tests are run in extinction. Such artifacts
can produce test performances that might be
taken as evidence that stimulus equivalence
has emerged from trained conditional rela-
tions, when in fact the outcome is independent
of that training.

Several investigators who reported apparent
acquisition of untrained relations during test-
ing evaluated some inverse relations in the same
testing sets or sessions (e.g., Devany et al.,
1986; Lazar et al., 1984; Lazar & Kotlarchyk,
1986; R. Saunders, Wachter, & Spradlin, 1988;
Sigurdardottir et al., 1990; Stromer & Os-
borne, 1982). Across trials that presented the
same pair of stimuli (e.g., Bi and Cl) in in-
verse sample-comparison arrangements, the
S- necessarily varied; for example, when B1
was the sample C1 and C2 were comparisons,
and when C1 was the sample B1 and B2 were
comparisons. But in most cases test trials were
balanced within sets so that all sample-com-
parison pairs, not just the predicted ones, were
equally probable. In the same example test set,
when C2 was the sample the comparisons were
Bi and B2. Thus Bi and C2 also appeared
together consistently as sample and compari-
son while the other comparison presented with
them changed across trials (e.g., R. Saunders,
Wachter, & Spradlin, 1988; Sigurdardottir et
al., 1990). There seems to be no reason (aside
from the development of stimulus equivalence)
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for one consistent sample-comparison relation
rather than the other to gain control as tests
like these are repeated, but that may depend
critically on prior training, physical features
of the stimuli, and the first few trial arrange-
ments the subject sees on a test (cf. Sidman,
in press). Results of experiments in which in-
verse relations within prospective equivalence
classes (e.g., BlCl and CMB1) are tested in
the same test sets or sessions and test trials are
not balanced in this fashion should be inter-
preted cautiously.

Other investigators who reported delayed
emergence of untrained relations during test-
ing did not include inverse trial types in the
same test set or session, and always presented
the same S- with a given sample-S+ pair
(e.g., Sidman et al., 1985, 1986; Spradlin et
al., 1973). We called this the no inverse/single
S- procedure and used it in our tests for emer-
gent relations in Experiment 2. This seems to
be a conservative algorithm to use for con-
structing test trials, but it may not preclude
the development of control by consistent sam-
ple-S+ pairs across different test sets or ses-
sions (e.g., BC relations in one set, CB rela-
tions in another) if trial configurations are not
balanced across test sets so that all sample-
comparison relations are equally probable, as
discussed above.
One plausible explanation for delayed

emergence of equivalence is that several sources
of stimulus control are present when testing
begins, but stimulus equivalence is the only
option that is available consistently over all the
test trials (Devany et al., 1986; Sidman, in
press). Our results confirm that humans can
discriminate consistent from inconsistent
sources of stimulus control with repeated ex-
posures to unreinforced match-to-sample trials.
The results also suggest that testing can func-
tion to teach entirely new stimulus relations,
which raises this question: Do all cases of ap-
parent delayed development of equivalence ac-
tually document the emergence of equivalence
in trained conditional relations, or do some of
them show merely that humans can learn con-
ditional relations without reinforcement given
sufficient exposure to the right stimulus ar-
rangements?
Our experiments used two-choice match-to-

sample tasks on which there was only one cor-
rect response per trial. On such trials, any of
several sources of stimulus control might de-

termine comparison selection. For example,
the subject may respond away from a com-
parison stimulus because it is related condi-
tionally to another stimulus that is not present.
Alternatively, the subject may learn that se-
lection of a comparison in the presence of a
particular sample is never reinforced and thus
respond away from that comparison on sub-
sequent trials. If either type of stimulus control
is a possibility on a test trial, emergent stim-
ulus equivalence is confounded with the other
source of control. Providing more than two
comparisons per trial reduces the likelihood of
confounding by some kinds of unwanted stim-
ulus control (Sidman, 1987). On tests that use
changing S- procedures, however, the pres-
ence of more than one changing S- across
trials may enhance the discriminability of con-
sistent sample-S+ relations and establish
competing control even more quickly than two-
choice procedures do.
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